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BONDING POLYMER INTERFACE 



— This invention relates to insulation for electrical wire or cable (hereinafter "wire") in 
which a strong bond is achieved at an interface between a layer of polyolefin-based 
material and a layer of fluoropolymer-based material. The invention is especially useful in 
multi-layer insulation of electrical wires, where it is notoriously difficult to achieve high- 
performance bonding between layers of such materials while retaining an acceptable 
balance in the complex relationships of other wire performance requirements, which are 
specialised and different from the criteria for other kinds of article such as mouldings or 
packaging films. 

The conventional approach to the bonding of polyolefins and fluoropolymers is to employ 
a tie layer (e.g. US patent 5,589,028). Tie layer materials tend to be expensive, may 
compromise other properties, e.g. heat ageing, and add complexity to the manufacturing 
process in forming the extra layer. They may also be of limited effectiveness in terms of 
the bond strength developed. 

In the wire insulation according to the present invention, a high bond strength is 
unexpectedly achieved by a combination of the formulation of the polyolefin layer; the 
choice of the fluoropolymer material; and a cross-linking reaction, preferably effected by 
the application of radiation, especially ionising radiation. 

The invention accordingly provides an electrical wire having insulation comprising 
comprising 

(i) at least a first layer of a material comprising at least 20%, preferably at least 40%, 
more preferably at least 60% or at least 80%, by weight (of the whole material 
composition) of a carbonyl-containing polymer (homopolymer or copolymer or 
terpolymer) having a non-aromatic backbone, of which polymer the or at least one 
constituent monomer is a carboxylic acid ester or salt, preferably an acetate or acrylate, 
especially vinyl acetate, or methyl acrylate, or butyl acrylate, the said monomer itself 
constituting at least 5%, preferably at least 9%, more preferably at least 15%, by weight 
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of the said co-, or ter- polymer when used and the remainder of the said co-, or ter- 
polymer preferably being derived from olefinic monomer, preferably ethylene; 
in contact with 

(ii) at least a second layer of a material comprising a partially fluorinated polymer, 
preferably containing at least 10%, more preferably at least 50%, or at least 90%, by 
weight of polyvinylidene fluoride (PVDF), or especially preferably a copolymer based on 
VDF with a partially or fully fluoroinated co-monomer, most preferably a copolymer of 
VDF and hexafluoropropylene (HFP); 

wherein the said layers (i) and (ii) whilst in contact with each other have been subjected to 
cross-linking reaction, preferably by radiation, more preferably ionising radiation, 
sufficient to increase the peel bond strength between the said layers to at least 5N, 
preferably increasing the bond strength by at least 50%, more preferably by at least 
100%, especially by at least 500% or 1000%, compared to that between the uncrosslinked 
layers. 

Advantages of achieving a strong bond in accordance with this invention include: 

- abrasion resistance of a surface layer can increase if it is bonded to a substrate material; 

- improved resistance to peel, especially if one of the layers is damaged/perforated; 

- improved resistance to blistering of the two layers, if heat is applied; 

- improved resistance to delamination/creasing/wrinkling between the two layers, e.g. due 
to mechanical stress or chemical exposure e.g. to solvents. 

- achievement of reduced wire bend wrinkling while maintaining adequate cut-through and 
notch propagation resistance, the latter being unexpected since strongly adherent layers 
would normally be expected fairly easily to transmit a cut or notch in the outer layer 
through to the inner layer , — 

The bond strength described in this application can most conveniently be measured in 
terms of peel strength between bonded strips of the two materials in question. A standard 
method which can be used for such a test is ASTM 1876-95. By this definition, a 
significant bond could be one for which the peel force exceeds 5N, and a strong bond one 
of peel force greater than 10N. 
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• The polyolefin-based layer (i) comprises at least 20%, preferably at least 40%, more 
preferably at least 60% or 80%, by weight of the said carbonyl-containing polymer. The 
rest of the formulation may be whatever is required in the way of polymers and additives 
such as anti oxidants, pigments, fillers, flame retardants, etc, as known per se, to give the 
required mechanical, thermal, electrical etc. properties to the polymer. The carbonyl- 
containing polymer may include alternating olefm/carbon monoxide copolymers (for 
example those available under the Trade Mark "Canton" from Shell), or ionomers (for 
example those available under the Traed Mark "Surlyn" from du Pont). 

The fluoro polymer-based layer (ii) also may contain other additives as known per se to 
give it required properties in addition to bonding. In addition to the preferred polymers 
indicated above, the partially fluoroinated polymer may be selected from 
ethylene/tetrafluoroethylene copolymers (e.g. tt Tefzel" Trade Mark) and 
ethylene/chlorotrifluoroethylene copolymers (e.g. u Halar" Trade Mark). 

Methods of fabricating the wire may include any process which causes intimate contact 
between the above mentioned polyolefin and fluoropolymer-based formulations. 
Examples include coating of one material onto a pre-formed layer of the other, dual or 
multi-walled extrusion to form insulation layers respectively containing one or other of the 
aforementioned two classes of material. The olefin-based material (i) is preferably the 
inner layer and the fluoropolymer-based layer (ii) preferably the outer layer on the wire. 
The layers made from the two different materials could be coextruded, tandem extruded, 
multipass extruded, sprayed, coated or vapour deposited. Known wire insulation 
processes such as tube draw-down extrusion may be used, to form one or more of the 

la yers, but pressure extrusion as known per se is preferred for optimum adhesion of the 

second and any subsequent insulation layers to be applied to a pre-formed underlying 
layer. 

The insulation on the wire is exposed to cross-linking reaction, which may involve 
chemical reagents such as peroxides, but preferably is effected by radiation, especially 
from a source of ionising radiation c apable of causing the formation of free radicals and 
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thus, it is believed, cross-links, in the polymers, some of which should preferably be 
formed in the region of the interface between the two materials. Penetration of 
radiation into the material at least as far as the interface is therefore desirable, although 
not necessarily essential if ion or radical mobility, for example, enables molecular 
reactions to continue at or near the interface after the radiation process. The radiation 
source could, for example, be a radioisotope, or an X-ray source, or possibly a non- 
ionising radical-generating source, for example a UV source, but is preferably an electron 
beam, more preferably one providing a beam dose greater than 2 Mrads, preferably at 
least 10 Mrads, more preferably at least 15 Mrads, into the material. 

It has been found that enhancements to the interfacial bond strength may be obtained by 
using certain additives and/or by heating after the radiation process. 
Additives preferably include a cross-linking promoter ("pro-rad") in the polyolefin-based 
material and/or in the fluoropolymer-based material. Known cross-linking materials may 
be used, preferably methacrylate/acrylate based ones, and very preferably, those of the 
type trimethylolpropanetrimethacrylate (TMPTM), in the polyolefin material and/or in the 
fluoropolymer material. 

The application of heat to the wire during or after the crosslinking process can 
significantly increase the bond strength. This should preferably be to a temperature of at 
least 40°C for at least 20 seconds, more preferably at least 50°C for at least 30 seconds, 
and very preferably at least 60°C for at least 60 seconds. The heat treatment should 
preferably be applied soon after the cross-linking, for example within one day, or more 
preferably within 4 hours, or even immediately. 



Experimental results: 

All results quoted in the Tables below were obtained by testing pressed plaques of the two 
materials prepared by the usual polymer handling techniques, well known per se. The 
plaques were pressed together to bond them face-to-face and the bonded assembly was 
irradiated as indicated. 
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Effect of Radiation Dose (from an electron beam with 1 .5MeV accelerating voltage) 



Material 1 


Material 2 


Dose(Mrad) 


Peel (N) 


Ethylene/Vinyl Acetate Copolymer 
(Elvax 3190G Trade Mark) of 
25wt% VA content 


VDF/HFP copolymer 
of 10wt% HFP content 
+7.5wt% additives 


0 


0.5 


Same as above 


Same as above 


15 


40 



Effect of % MA Co-monomer in Olefinic Material 

Plaques of 100% EMA copolymer, pressed together with plaques of above Material 2. 



% MA in EMA 


Copolymer grade 


Dose(Mrad) 


Peel (N) 


7 


Lotryl* 9MA02 


20 


4 


28 


Lotryl* 28MA02 


20 


45 



*Lotryl is a Trade Mark 



Effect of % Copolymer in Olefinic Material 

Plaques listed below are mixture of HDPE with given % of EEA copolymer (Borealis LE 
5861, ethylene/ethyl acrylate itself containing 15% EA), pressed together with plaques of 
above Material 2. 



% EEA 


Dose (Mrad) 


Peel force (N) 


0 


20 


0 


80 


20 


70 



Effect of Pro-rad in polyolefin material 

Plaques listed below are mixture Of HDPE with 80% of above EEA copolymer plus given 
% of known cross-linking agent (Sartomer SR350DD Trade Mark), pressed together with 
plaques of above Material 2. 



% Pro-rad 


Dose (Mrad) 


Peel force (N) 


0 


20 


70 


4 


20 


>130 
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Effect of heat applied after electron beam irradiation 

Plaques listed below are mixture of HDPE with above EEA copolymer in the weight rat^^S 
2:8, plus a range of other additives as known per se at a total additive level of 24wt%, 
pressed together with plaques of above Material 2 and irradiated in a 1.5MeV electron 
beam to a dose of 20 Mrads. One of the plaques was heated at a temperature of 60°C for 
60 seconds, while the other plaque, being a control, was kept at room temperature. The 
plaques were subsequently peel tested at room temperature. 



Sample 


Beam dose (Mrad) 


Peel force (N) 


Control 


20 


9 


Heated 


20 


15 



EXAMPLE OF WIRE CONSTRUCTION 

An electrical wire in which the insulation consists of two polymeric layers bonded 
together according to the present invention may be made as follows. 

The inner layer of insulation (i.e. nearer to the wire conductor) is a polyolefin-based 
material, consisting predominantly of (a) an EEA copolymer containing 15wt% EA and 
(b) HDPE in a weight ratio of approximately 8:2 copolymer: HDPE, with usual other 
additives present in smaller proportions including crosslinking promoters, stabilisers, 
antioxidants, pigments and process aids at a total level of 24wt%. This layer is pressure 
extruded or draw-down-tube extruded onto the metallic conductor. The outer layer of 
insulation consists predominantly of a PVDF/HFP copolymer containing 10wt% HFP 
(Kynar 3120-50 Trade Mark), which in this example contains a crosslinking promoter, 
and other known additives such as pigments, plasticisers, stabilisers, antioxidants and 
process aids in usu al piupuiliuus lulalling 7.5wt%. — This outer laye r is cither pressure 
extruded in a separate operation onto the pre-formed inner layer, or extruded together 
with the inner layer in a single operation by a tandem or co-extrusion process. 



This coated wire product is then passed through an electron beam, and receives a radiation 
dose in the range 5-30 Mrad. Heat treatment as aforesaid may follow. 
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Claims 

1. An electrical wire or cable having insulation comprising 

(i) at least a first layer of a material comprising at least 20%, [preferably at least 40%, 
more preferably at least 60% or at least 80%,] by weight of the whole material 
composition of a carbonyl-containing polymer (homopolymer or copolymer or 
terpolymer) having a non-aromatic backbone, of which polymer the or at least one 
constituent monomer is a carboxylic acid ester or salt, [preferably an acetate or acrylate, 
especially vinyl acetate, or methyl acrylate, or butyl acrylate,] the said monomer itself 
constituting at least 5%, [preferably at least 9%, more preferably at least 15%,] by weight 
of the said co- or ter- polymer when used and the remainder of the said co- or ter- 
polymer preferably being derived from olefinic monomer, [preferably ethylene]; 

in contact with 

(ii) at least a second layer of a material comprising a partially fluorinated polymer, 
[preferably containing at least 10%, more preferably at least 50%, or at least 90%, by 
weight of polyvinylidene fluoride (PVDF), or especially preferably a copolymer based on 
VDF with a partially or fully fluorinated co-monomer, most preferably a copolymer of 
VDF and hexafluoropropylene (HFP)]; 

wherein the said layers (i) and (ii) whilst in contact with each other have been subjected to 
cross-linking reaction, [preferably by radiation, more preferably ionising radiation,] 
sufficient to increase the peel bond strength between the said parts to at least 5N, 
[preferably increasing the bond strength by at least 50%, more preferably by at least 
100%, especially by at least 500% or 1000%, compared to that of the uncrosslinked 
parts]. 

2. A wire or cable according to claim 1, comprising multiple alternating layers of the 
materials constituting the said layers (i) and (ii). 

3. A wire or cable according to claim 1 or 2, which contains at least one crosslinking 
promoter in the material of either or both of the said parts (i) and (ii), [preferably an 
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ester-based, more preferably a methacrylate/acrylate based, promoter, especially of the 
TMPTM type]. ■ 

4. A wire or cable according to any of the preceding claims which has been subjected 
after the said ionising radiation to heat treatment, [preferably at a temperature of at least 
40°C for at least 20 seconds, more preferably at least 50°C for at least 30 seconds, and 
very preferably at least 60°C for at least 60 seconds]. 

5. A method of making a wire or cable according to any of the preceding claims, 
comprising the steps of providing thereon the said layers (i) and (ii) in contact with each 
other, and subjecting the said layers while in contact with each other to the said cross- 
linking, [preferably by ionising radiation]. 

6. A method according to claim 5, including the further step of subjecting the wire or 
cable after the said radiation to heating, [preferably at a temperature of at least 40°C for at 
least 20 seconds, more preferably at least 50°C for at least 30 seconds, and very 
preferably at least 60°C for at least 60 seconds]. 



* * * % * * * * * * * * * * * * * * * * # * * * * 
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